Aims. As part of a systematic study that we are performing with the aim to increase the observational evidence of triggered star formation in the surroundings of HII regions, we analyze the ISM around the HII region G35.673-00.847, a poorly studied source.
Introduction
During the last years, the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE) performed with data obtained from the Spitzer Space Telescope, was a very useful tool to study the Galactic IR emission with unprecedented quality and resolution, and still remains so. Using these mid-IR data, for instance, it is possible to clearly identify the photodissociation regions (PDRs) surrounding HII regions. Thus, from a multiwavelength analysis can be studied the interaction between the HII region and the surrounding interstellar medium (ISM), and eventually discover triggered star formation. One of the triggered processes recently largely studied in the HII region Send offprint requests to: S. Paron borders is the "collect and collapse", which was early proposed by Elmegreen & Lada (1977) . In such process, during the supersonic expansion of an HII region, a dense layer of material can be collected between the ionization and the shock fronts. This layer can be fragmented in massive condensations that then can collapse to lead the formation of new massive stars and/or clusters.
Recent observational studies support that this mechanism is taking place in several HII regions (see e.g. Petriella et al. 2010; Pomarès et al. 2009; Zavagno et al. 2007 , and references therein).
G35.673-00.847 (hereafter G35.6) is an HII region poorly studied. The source was cataloged in the HII region catalogue of Lockman (1989) , who obtained a recombination line at v LSR ∼ 60 km s −1 . According to the IRAS catalogue of Point Sources, G35.6 coincides with the source IRAS 18569+0159. In the NRAO VLA Sky Survey (NVSS), Condon et al. (1998) identified two radio sources: NVSS 185929+020334 and 185938+020012 towards this region.
This work is part of a systematic study that we are performing with the aim to increase the observational evidence of triggered star formation in the surroundings of HII regions. We present a molecular and near-and mid-IR study of the environment that surrounds the HII region G35.6 with the purpose of exploring the ISM around it, and looking for signatures of star formation.
Data
We analyzed data extracted from four large-scale surveys: Two Micron All Sky Survey (2MASS) 1 ,
Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE), MIPSGAL and GRS 2 .
GLIMPSE is a mid infrared survey of the inner Galaxy performed using the Spitzer Space
Telescope. We used the mosaicked images from GLIMPSE and the GLIMPSE Point-Source Catalog (GPSC) in the Spitzer-IRAC (3.6, 4.5, 5.8 and 8 µm). IRAC has an angular resolution between 1. ′′ 5 and 1. ′′ 9 (see Fazio et al. 2004 and Werner et al. 2004) . MIPSGAL is a survey of the same region as GLIMPSE, using MIPS instrument (24 and 70 µm) on Spitzer. The MIPSGAL resolution at 24 µm is 6 ′′ .
The GRS was performed by the Boston University and the Five College Radio Astronomy Observatory (FCRAO). The survey maps the Galactic Ring in the 13 CO J=1-0 line with an angular and spectral resolution of 46 ′′ and 0.2 km s −1 , respectively (see Jackson et al. 2006) . The observations were performed in both position-switching and On-The-Fly mapping modes, achieving an angular sampling of 22 ′′ .
Additionally we used HI data with an angular resolution of ∼1 ′ extracted from the VLA Galactic Plane Survey (VGPS; Stil et al. 2006 ) and radio continuum data extracted from the NRAO VLA Sky Survey (NVSS) with an angular resolution of ∼45 ′′ (Condon et al. 1998 ).
3. Presentation of G35.673-00.847 (G35.6) Figure 1 shows two composite three color images of G35.6. The left image displays three Spitzer-IRAC bands: 3.6 µm (in blue), 4.5 µm (in green) and 8 µm (in red). The right image shows the the NVSS radio continuum emission at 20 cm (in blue and emphasized with white contours). Both figures clearly show the PDR visible in the 8 µm emission, which is mainly originated in the polycyclic aromatic hydrocarbons (PAHs). The PAHs emission delineates the HII region boundaries because these large molecules are destroyed inside the ionized region, but are excited in the PDR by the radiation leaking from the HII region (Pomarès et al. 2009 ). The 24 µm emission reveals the presence of hot dust, and the radio continuum emission shows two sources, one related to G35.6, probably due to its ionized gas, and other lying towards the south. Both sources are: NVSS 185929+020334 and 185938+020012, respectively (Condon et al. 1998 ). The PAH emission shows that G35.6 has an almost semi-ring like shape with a cut towards the galactic west. The radius of this semi-ring is about 1. ′ 5. Extending towards the south is visible another PDR, which can be related to the radio continuum source NVSS 185938+020012. On the other hand, a little bubble is present in the field, at l = 35.
• 722, b = −0.
• 928. The emission at 8 µm and 24 µm, showing the presence of PAH and hot dust towards this bubble, suggest that it could be a young HII region.
Distance
G35.6 presents a radio recombination line at v LSR ∼ 60 km s −1 (Lockman 1989) , which, by applying the flat galactic rotation curve of Fich et al. (1989) , that assumes circular rotation around the galactic center, gives the possible kinematic distances of ∼ 4.0 or ∼ 9.8 kpc. This ambiguity arises because we are studying a region in the first galactic quadrant, where a given velocity may be associated with two possible distances. Using HI data we performed an absorption study towards the radio sources G35.6 (NVSS 185929+020334) and NVSS 185938+020012. in black, which has a 3σ uncertainty of ∼10 K. The figure shows that both sources have similar HI absorption features, suggesting that they are located at the same distance. The last absorption feature appears at v ∼ 61 km s −1 , in coincidence with the G35.6 recombination line (Lockman 1989 ).
Taking into account that the tangent point (at v ∼ 89.7 km s −1 ) does not present any absorption, following Kolpak et al. (2003) , we favour the near kinematic distance.
Molecular analysis
We analyze the whole 13 CO J=1-0 data cube and we find some interesting molecular structures between 47 and 60 km s −1 . Figure 3 displays the integrated velocity channel maps of the 13 CO J=1-0 emission every ∼ 1 km s −1 , showing the kinematical and morphological structure of a molecular cloud probably related to the HII region G35.6. Between ∼ 48 and 51 km s −1 appears a molecular structure delineating the PDR that extends to the south. No molecular gas is observed between 51 and 54 km s −1 (this velocity interval is not shown in Fig. 3 ). Finally, between 54 and 59 km s −1 appear several molecular clumps distributed over the borders of G35.6 and the southern PDR, which may indicate that the collect and collapse process could be taking place in this region. As Deharveng et al. (2005) point out, the presence of a dense molecular shell surrounding the ionized gas of an HII region, or the presence of massive fragments regularly spaced along the ionization front, can prove that we are dealing with the collect and collapse mechanism. Figure 4 shows the 13 CO J=1-0 emission integrated between 53 and 61 km s −1 (in green) over the 8 µm emission (in red). The very good correspondence between the eastern HII region border, traced by the IR emission, and the molecular gas, strongly suggests that the observed molecular shell has been swept and shaped by the expansion of G35.6. The central velocity of the molecular gas is ∼ 57 km s −1 , which gives the possible kinematic distances of 3.7 or 10.1 kpc. According to the study presented in Sec. 4, we favour the nearest one. Taking into account that the ionized gas may be moving away from the molecular material, we use the central velocity of the molecular gas to adopt 3.7 kpc as the distance of the whole complex. In order to have an estimate of the mass and density of the described molecular shell, we assume LTE, an excitation temperature of 20 K, a distance of 3.7 kpc, and that the 13 CO emission is optically thin. From the standard LTE equations, we obtain a N( 13 CO) ∼ 3 × 10 16 cm −2 , and using the relation N(H 2 )/N( 13 CO)∼ 5 × 10 5 (e.g. Simon et al. 2001) , we obtain a molecular mass and a density of ∼ 1.5 × 10 4 M ⊙ and ∼ 1 × 10 4 cm −3 , respectively. The integration was performed over all the observed positions within the 4.5 K km s −1 contour level shown in Fig. 4 , following the shell geometry shown at the 55 km s −1 channel map in Fig. 3 , i.e., the molecular condensation extending towards the southeast was not considered. To calculate the volume of the molecular shell, we assume a length along the line of sight of ∼1 ′ (∼ 1.1 pc at the distance of 3.7 kpc), which is approximately the average of the shell width seen in the plane of the sky (see the 55 km s −1 channel map in Fig. 3 ). On the other hand, it is important to note that the little bubble described in Sec. 3, probably a young HII region, is likely embedded in this molecular condensation, suggesting to be active in star formation. 
Exciting stars
No exciting star of the HII region G35.6 was found in the literature. In this work, we give some indirect evidence suggesting the possible location and properties of the exciting star(s) of the region.
The first piece of information is given by the radio continuum emission of G35.6, which allow us to derive the expected spectral type of the exciting star. The number of UV ionizing photons needed to keep an HII region ionized is given by N uv = 0.76 (Chaisson 1976) , where T 4 is the electron temperature in units of 10 4 K, D kpc the distance in kpc, ν GHz the frequency in GHz, and S ν the measured total flux density in Jy. Assuming an electron temperature of T = 10 4 K, a distance of 3.7 kpc, and using a total flux density of 0.86 Jy at 2.7 GHz for G35.6 (Reich et al. 1984 ) and a total flux density of 0.053 Jy at 1.4 GHz for NVSS 185938+020012 (Condon et al. 1998) , the total amount of ionizing photons needed to keep these sources ionized turns out to be about N uv = 1.0 × 10 48 ph s −1 and N uv = 0.6 × 10 47 ph s −1 , respectively. It is well established that part of the UV radiation can be dissipated in heating the dust. In fact, Inoue (2001) and Inoue et al. (2001) demonstrated that typically only half of the Lyman continuum photons from the central source in a Galactic HII region ionizes neutral hydrogen, and the rest are absorbed by dust grains within the ionized region. Taking this into account, considering errors of about ten percent in the distance and in the radio continuum flux at 2.7 GHz, and based on the ionizing fluxes for massive stars given by Martins et al. (2005) , the estimated spectral type of the ionizing star of G35.6 ranges between O7.5V and O9V.
Additionally we perform a photometric study of the infrared point sources in the region based on the GLIMPSE I Spring'07 and the 2MASS All-Sky Point Source Catalogs. Only sources with detections in the four Spitzer-IRAC bands and in the three 2MASS bands were considered. We find 30 and 8 sources towards the HII region G35.6 (R1 in Fig. 5 ) and towards the source NVSS 185938+020012 (R2 in Fig. 5 and (H − K) 0 obtained from Martins & Plez (2006) . By comparing the derived absolute magnitudes with those tabulated by Martins & Plez (2006) , we find that seven sources in Region 1, #2, #4, #5, #6, #11, #12, #14, and five sources in Region 2, #16, #17, #18, #19 and #20, have absolute JHK magnitudes that are in agreement with an O-type star (see Table 1 ).
Finally, taking into account that the exciting star candidates are expected to be in a PAHs hole, we discard sources #2, #4 and #11 as the responsible of generate G35.6. The rest of the exciting star candidates, sources #5, #6, #12 and #14 are located in projection inside the radio continuum and 24 µm emissions; among them, sources #6 and #12 are located close to the maximum of the 24 µm emission as could be expectable for an exciting star. On the other hand, as can be seen in Figure   5 , source #6, is located into a hole of the 5.8 µm emission (see zoom of the region in the figure).
It is well known that the exciting star(s) of an HII region generate a cavity of dust and gas through the action of the radiation pressure on the dust grains (Gail & Sedlmayr 1979) , which suggests that source #6 is the more likely candidate to be the exciting star of G35.6. On the other hand, using the same assumptions that in R1, we found that based on the radio continuum flux at 1.4 GHz in R2, It would be very useful to have UBV fluxes to perform a better photometry in order to identify without doubt the exciting stars, however it is very difficult to obtain these fluxes because of the interstellar absorption towards this region in the Galaxy.
Star Formation
In Sec. 5 we show that the HII region G35.6 is evolving and affecting a molecular cloud, presenting an excellent scenario to probe triggered star formation. In this section we look for young stellar objects (YSOs) around G35.6. YSOs are generally classified according to their evolutionary stage:
class I are the youngest sources, embedded in dense envelopes of gas and dust, and class II are sources whose emission is originated mainly in the accretion disk around the central protostar.
In both cases, a YSO will show an infrared excess that cannot be attributed to the scattering and are the errors of the 4.5 and 8.0 µm bands, respectively. On Fig. 6 we show the distribution of the sources extracted from the GLIMPSE catalog around G35.6 that satisfy the previous criterion (we only considered sources with detections in both 4.5 and 8.0 µm bands). The intrinsically red sources are distributed into four groups. The first group (Group 1) is found towards the north and includes sources 1 to 13. A second group (Group 2) of sources is located over the southeastern molecular structure. This portion of the molecular cloud is far from G35.6 and probably is not being perturbed by the HII region. Sources 23, 24, 25, 26, 29 and 30 form Group 3 which appears in the molecular gas likely associated with the border of the radio continuum source NVSS 185938+020012. Then, we identify a fourth group (Group 4) towards the southern portion of the molecular cloud, far from the HII regions. And finally, sources 27, 28 and 31 that are not part of any group. Sources 27 and 28, taking into account their position, could be related to G35.6 southern border. On Table 2 we report the fluxes of the intrinsically red sources in the 2MASS and Spitzer-IRAC bands, specifying Notes. 2MASS Qual.: A and B are the best photometric qualities, with a SNR ≤ 10 and ≤ 7, respectively. E means that the source magnitude is questionable. And U means that the magnitude value is an upper limit.
the GLIMPSE designation (Col. 2) and the 2MASS photometric quality (Col. 3). In the case of sources 8, 15, 19, 20, 21, 27 , and 30, we obtained their fluxes at 24 µm from the MIPS image and are presented in Col. 11 of the table.
So far we have identified the intrinsically red sources located right upon the molecular gas around the HII region G35.6. However, according to Robitaille et al. (2008) intrinsically red sources may include YSOs, planetary nebulae (PNe), galaxies, AGNs, and AGB stars. We must apply an additional constraint to these sources in order to discern their real nature. Regarding extragalactic sources, Robitaille et al. (2008) pointed out that at most 0.4% of the intrinsically red sources selected by the color criterion m 4.5 − m 8.0 > 1 are galaxies and AGNs. So, there is a little probability to find an extragalactic source in our short sample of red sources. Concerning to AGB stars, we look in catalogues for these stars. In the region analyzed in this work there are not any AGB star catalogued. To look for YSOs and PNe candidates we constructed a color-color (CC) diagram Spitzer-IRAC bands. We used the photometric criteria of Allen et al. (2004) to identify class I and II YSOs (Fig. 7) . From its positions in this color-color diagram we find that only source 22 cannot be classified as a class I or II YSO. Source 30 falls outside the class I region but if we take into account the errors in the fluxes we should consider it as a YSO candidate. On the other hand, sources 7 and 18 are found in the CC diagram close to the location of PNe, which typically have Cohen et al. 2007 ). However, we will consider them as YSO candidates too.
Finally, we fitted the spectral energy distribution (SED) of the sources from which we obtained fluxes at 24 µm from the MIPS image using the tool developed by Robitaille et al. (2007) 
YSO 8 From Fig. 7 and the SED analysis we can confirm the presence of YSOs around G35.6. Thus, we conclude that the region is indeed active in star formation and we suggest that the birth of some of the YSOs, mainly those belonging to Group 1 and sources 27 and 28 could have been triggered by the expansion of the HII region G35.6. Most of the remaining intrinsically red sources belonging to Group 2, 3, and 4 may also be YSOs but their position far from the HII region does not allow us to confirm that their formation was triggered by G35.6.
Collect and collapse scenario
In order to determine if the collect and collapse mechanism is the responsible for the star formation that is taking place in the periphery of the HII region G35.6, we estimate and compare the age of the HII region and the fragmentation time predicted by the theoretical models of Whitworth et al. (1994a,b) . Using a simple model described by Dyson & Williams (1980) we calculate the age of the HII region at a given radius R as:
where c s is the sound velocity in the ionized gas (c s =10 km s −1 ) and R s is the radius of the Taking into account the results of Sec. 6, we consider a Lyman continuum photon flux of 1.0
Adopting a radius of ∼ 1.5 ′ for the HII region, a distance of 3.7 kpc, and an original ambient density of ∼ (1±0.5)×10 3 cm −3 , we derive a dynamical age between 0.18 and 0.35 Myr for G35.6. To coarsely estimate the original ambient density (assuming an error of 50%) we distributed the above calculated mass of the molecular shell, ∼ 10 4 M ⊙ , over an ellipsoid of revolution with semiaxes of 3 and 7 pc that encloses the molecular and ionized gas.
As analyzed in Sec. 5, the morphology of the molecular gas that encircles the HII region suggests that the expansion of G35.6 is collecting the gas at its periphery. Finally, we ask if the fragmentation of the collected layer of material can be taking place in the region. To answer it, we estimate when the fragmentation of the collected layer should occur according to the Whitworth's models Assuming a turbulent velocity in the collected layer a s ranging between 0.2 and 0.6 km s −1 (Whitworth et al. 1994b ), a Lyman continuum photon flux of 1.0 ×10 48 ph s −1 , and the previously estimated original ambient density of ∼ (1 ±0.5) ×10 3 cm −3 , we find that the fragmentation process in the periphery of G35.6 should occur between 1.6 and 5.3 Myr after its formation, a time larger than the G35.6 dynamical age derived above. The range for the fragmentation time arises from considering the error in the original ambient density and the range in the turbulent velocity. Thus, we conclude that the formation of the YSOs lying at the border of the HII region most probably results from other processes, such as the radiative driven implosion (RDI) mechanism, which consists in interactions of the ionization front with pre-existing condensations (Lefloch & Lazareff 1994) , or small-scale Jeans gravitational instabilities in the collected layer.
Summary
Using multiwavelength surveys and archival data, we studied the ISM towards the HII region G35.673-00.847 (G35.6). This work is part of a systematic study that we are performing with the aim to increase the observational evidence of triggered star formation in the surroundings of HII regions. The main results can be summarized as follows:
(a) The PAH emission around G35.6 seen at 8 µm shows that the HII region has an almost semi-ring like shape with a cut towards the galactic west. The radius of this semi-ring is about 1. ′ 5.
The 24 µm emission reveals the presence of hot dust in the interior of the HII region.
(b) The radio continuum emission shows that towards the south of G35.6, also identified as NVSS 185929+020334, lies the radio source NVSS 185938+020012, probably another HII region.
From the HI absorption analysis we conclude that both sources are located at the same distance, and from the central velocity of the related molecular gas, we estimate that the whole complex is at the kinematic distance of ∼ 3.7 kpc.
(c) Using the 13 CO J = 1-0 transition we analyze the molecular gas around G35.6. We find a molecular shell composed by clumps distributed around the HII region, suggesting that its expansion is collecting the material. The molecular shell has a density of about 10 4 cm −3 .
(d) From a photometric study and a SED analysis we find several sources (YSO candidates) very likely embedded in the molecular shell.
(e) We give some indirect evidence suggesting the possible location and properties of the exciting star(s) of G35.6 and NVSS 185938+020012. In the case of G35.6, from the radio continuum flux, the near-IR photometry and the physical location of the analyzed sources, we find four candidates, likely O-type stars, to be the ionizing agent of the HII region. Among them, two are located close to the maximum of the 24 µm emission, and one of them (our source #6) appears into a hole of 5.8 µm emission, suggesting to be the most likely candidate. In the case of NVSS 185938+020012, we suggest that the exciting star(s) would be later than an O9.5V star.
(f) Analyzing the HII region G35.6 dynamical age and the fragmentation time of the molecular shell surrounding the HII region, we discard the collect and collapse as the mechanism responsible for the YSOs formation. We propose other possible processes of formation, such as radiative driven implosion and/or small-scale Jeans gravitational instabilities in the collected layer.
